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A c t i v i t i e s  (Xlring Honth of December 1965 

Dur ing  t h i s  Fer iod,  a number of f o r g i n g  tes ts  were c o n -  
d u c t e d .  These  t es t s  were u p - s e t  f o r g i n g  tes ts  on 7 0 7 5  a l u m i n -  
um f o r g e d  be tween f l a t  dies. The material  was i n  two sizes, 
2" i n  d i a m e t e r  by 1 . 5 "  long (volume 4 . 7 1 2  cu. i n . )  and  2.5 ' '  i n  
d i a m e t e r  by 1" l o n g  (volume 6 .910  cu. i n . ) .  In a l l  cases,  
t h e s e  s l u g s  were h e a t e d  to 800°F. 
e a c h  t e s t  c o n d i t i o n .  Two of  these (odd numbered s a m p l e s )  were 
of t h e  2" d i a m e t e r  s i t e  and  t w o  ( e v e n  numbered samFles) were 
of t h e  2-1/2" d i a m e t e r  site. 

Four s l u g s  were f o r g e d  fo r  

The f o r g i n g  was done on a 5 0 0 - t o n  press i n  whlch t h e  
h y d r a u l i c  p r e s s u r e  was c o n t r o l l e d  t o  F r o d u c e  a r a n g e  of d i s c  
t h i c k n e s s e s .  The ~ r e s s u r e s  used r a n g e d  from a low of 296 y s i ,  
g e n e r a t i n g  a t o t a l  l o a d  of 67 t o n s  on  t h e  ram, t o  i 500  psi, 
g e n e r a t i n g  a load  of 565 t o n s .  This, over t h e  d i e  t e m p e r a t u r e  
r a n g e  u s e d ,  p r o d u c e d  forged b i s c u i t s  from . 1 L 8 "  minimum t o  
.688" maximum t h i c k n e s s .  

The dies were h e a t e d  i n  a f u r n a c e  i m m e d i a t e l y  a d j a c e n t  t o  
t h e  press a n d  t r a n s f e r r e d  t o  t h e  press, l o c k e d  i n  F o s i t i o n  a n d  
r e a d y  f o r  f o r g i n g  1.n a matter o f  3 t o  4 m i n u t e s .  They were 
h e a t e d  t o  t h e  nraximum t e m p e r a t u r e  r e q u i r e d  f o r  t h e  r u n  w i t h  a n  
o v e r - a l l o w a n c e  o f  25 - 5U0 t o  t a k e  c a r e  of t h e  drop  d u r i n g  
t r a n s f e r .  This d r o p  was g e n e r a l l y  I n  t h e  n e i g h b o r h o o d  of 10 - 
15 d e g r e e s .  L o w e r  f o r g i n g  t e m p e r a t u r e  r a n g e s  were o b t a i n e d  by 
a l l o w i n g  t h e  d i e s  to cool i n  t h e  p r e s s  be tween  g r o u p s  o f  sag- 
p l e s .  The t e m p e r a t u r e  o f  t h e  d i e s  were c o n t i n u o u s l y  m o n i t o r e d  
t h r o u g h  therWCOUFles  p l a c e d  i n  w e l l s  1/2' below t h e  work ing  
face of e a c h  d i e .  This p e r m i t t e d  a d e t e r m i n a t i o n  o f  t h e  
average t o p  a n d  b o t t o m  die a t  t h e  time of f o r g t n g  e a c h  sample. 

The d i e  t e m p e r a t u r e s  i n  t h e s e  tests r a n g e d  from a h i g h  of 
8200 P t o  a l o w  of 3 9 5 O  F .  The ttme r e q u i r e d  f o r  f o r g i n g  e a c h  
sample was a p p r o x i m a t e l y  20 t o  25 s e c o n d s .  Dur ing  t h e  forg ing ,  
t h e  d i e s  c o o l e d  some 10 t o  15O F be tween  sarqles f o r  t h e  550 - 
6500 P l e v e l ;  a n d  less t h a n  So P f o r  t e m p e r a t u r e s  of 450° ? 
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and below. This cooling w a s  generally quite regular for the 
higher temperature but at the low temperature the abrupt 
change in the slore of the cooling curve demonstrated that the 
dies were picking up heat from the 800° F slugs. This was 
quite apparent and had the test been extended to i large number 
of sluss instead of the four slugs used, an increase of die 
temlerature would have resulted. In these tests, however, the 
small slug mass comjared to the large w s s  of the d i e s  and t h e  
use of a limit of four slugs in each condition simFly reduced 
the cooling rate of the die. 

The lubricant used for these tests was an oil based graph- 
ite containing some lead compound; it m s  apylied as spray 
after dilution with kerosene. This lubricant was sprayed on 
the dies prior to heating and j u s t  before the forging of each 
sample .  The worklng surfaces of the d i e s  were placed together 
during the heating so that they and the initiAl lubricant coat- 
i n g  were protected from excessive oxidation in the furnace. 
Spraying of the lubricant as previously reported, and in agree- 
aent with previous experience in our own forging shop and a180 
noted by others, is the most efflcient method of apllication. 
The kerosene, however, xroduces clouds of fog which is quite a 
nuisance and required extensive ventilation. In normal forging 
operations, the fog  is largely prevented by ignition by d i e  
heating burners which were n o t  used in these tests. It should 
be noted in passing that the extensive ventilation required t o  
dissipate the fog contributed to rapid die cooling. 

.it the higher d i e  temleratures, the rapid vaporidation of 
the spray tended to keep the lubricarit from sticking to the 
die surface and contributed to the scatter of results. drt 
the lower temperature (400 - S O G O  F) the lubricant adhered to 
the surfaces much better and the data showed significdntly less 
scatter. It is apparent that when the much higher die tempera- 
tures contemylated for titanium and maraging steel arc ured, 
s o w  imtroved method of applying the lubricant will he required. 
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The d a t a  l o g g e d  f o r  e a c h  s a m p l e  i n c l u d e d  t h e  f o l l o w i n g :  

1. samrle  number a n d  s i t e  
2 .  f o r g i n g  s t o c k  t e m p e r a t u r e  
3.  d i e  tem1,erature - t o p  a n d  bottom 
4. h y d r a u l i c  F i r e s su re  
5 .  f o r g e d  d i s c  t h i c k n e s s  
6 .  f o r g e d  d i s c  a r e a  
7 .  unit l o a d  a p p l i e d  

T h e s e  d a t a  a r e  t a b u l a t e d  i n  t h e  a t t a c h e d  s h e e t s  wh ich  a l so  
include a c h a r t  of u n i t  load in tons p e r  s q u a r e  i n c h  r l o t t c d  
a g a i n s t  f o r g e d  d i s c  t h i c k n e s s .  I n  t h e s e  t - b l e s  t h e  f o r g e d  
sarnkle t h i c k n e s s e s  a r e  averages of t h e  mininum a n d  maximum 
readings o n  each. The maximum range of thickness b a r t r t i o n  tn 
t h e  samy.les was a p , r o x i m a t e l y  f .010" w i t h  an a v e r a g e  r a n g e  
f.OG5". Most of this v a r i a t i o n  i s  b e l i e v e d  t o  come from vari- 
a b l e  c o m F r e s s i o n  cf t h e  i n s u l a t i n g  mter iA1 i n s e r t e d  b e t w e e n  
t h e  d i e s  dnd  t h e  h o l d e r s  t o  r e d u c e  loss of h e a t  t o  t h e  press 
a n d  p r e v e n t  e x c e s s i v e  h e a t i n d  crf t h e  press p a r t s .  Normal c lcar -  
a n c e s  i n  t h e  press g u i d e 3  a n d  f a c t o r s  r e l a t e d  t o  d i e  p l a c e m e n t  
a c c o u n t  f o r  t h e  r e s t .  

The a r e a  of t h e  forged s a m F l e s  was d e t e r m i n e d  from the 
i n i t i a l  s l u g  volume a n d  the t h i c k n e s s  of the d i s c .  U n i t  loads 
on t h e  samrle  a r e  b a s e d  on  t h e  a r ea  of t h e  f o r g e d  s a m p l e .  The 
press 1o.id was c a l c u l a t e d  from t h e  h y d r a u l i c  p r e s s u r e  u s e d  a n d  
t h e  ram area of  4 5 2  sq.  i n .  I t  is e x p r e s s e d  i n  t o n s  p e r  square 
i n c h  of forged s i m p l e  area. 

The data f rom these t e s t s  are summar ized  i n  t h e  accompany- 
i n g  c h a r t  of u n i t  l o ~ d  p l o t t e d  c r g a i n s t  f o r g e d  sample  t h i c k n e s s .  
The u n i t - l o a d  t h i c k n e s s  r 0 l a t i o n s h i F  i n d i c a t e d  by t h i s  c h a r t  
i s  i n  g e n e r a l  a g r e e m e n t  w i t h  e x p e c t e d  t r e n d s .  However, the 
d i f f e r e n c e  in l o a d  w i t h  c h a n g e  o f  d i e  t e m p e r a t u r e  i s  somewhat 
less t h a n  t h a t  e x p e c t e d  and t h e  s ca t t e r  of t h e  d a t a  is g rea t e r  
t h a n  a n t i c i p a t e d .  
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F o r  t h e  p u r p o s e  o f  p r e s e n t i n g  t h e  d i f f e r e n c e s  t h a t  t h e  
d a t a  i l l u s t r a t e ,  t h e  curves are drawn t h r o u g h  t h e  minimam 
~ o i n t s  a n d  i n d i c a t e  t h e  minimum u n i t  loads o b s e r v e d  f o r  t h e  
t h i c k n e s s  r a n g e s  o b t a i n c a  in e a c h  t e q e r a t u r e  r a n g e .  Curves 
drawn t h r o u g h  t h e  averabes  of e a c h  t e m i e r a t u r e  g r o u p  o r  t h r o u g h  
maximum p o i n t s  would ytotiuce meaningless m e r l a p  of C U r V 8 8 .  

C u r v e s  t h r o u g h  the minimum a l l o w  d e f t n i t e  d i f f e r e n c e s  t o  be 
o b s e n e d  a s  d i e  t e m i e r a t u r e  c h a n g e s  a l t h o u g h  t h e s e  d i f f e r e n c e s  
beyond 6 5 C O  Y Are l e s s  t h a n  a n t i c i p a t e d .  L l r g e r  s t a r t i n g  sam- 
p l e s  i n v o l v i n p  g r e a t e r  m e t a l  vo lume,  l i r g e r  s u r f a c e s  a n d  more 
m e t a l  movement would be e x p e c t e d  t o  F r o d u c c  g r e e t e r  d i f f e r e n c e s .  
L a r g e r  sJrnFles would ,  however ,  b e  much more c o s t l y ,  require 
larger  d i e s  a n d  t h e  u s e  of a l a r g e r  p r e s s .  

The c u r v e  for t h e  d i e  t e m p e r a t u r e  range 700 - 7 W 0  F 
d i f f e r s  from t h e  o t h e r s  i n  t h a t  i t  is a r b i t r a r i l y  y l a c e d .  I t s  
F o i n t s  c ipproxi laa te  t h e  sdme o s i t i o n  a s  t h e  c u r v e  f o r  t h e  h i g h -  
er t e m r e r a t u r e  (750 - 910° F ! r a n g e .  ' k t  t h e  p r e s e n t  time, t h i r  
is n o t  u n d e r s t o o d ,  n o r  q u i t e  b e l i e v e d .  . r d d i t i o n e l  t es t s  w i l l  
be n e c e s s a r y  t o  e s t a b l i s h  i t s  p o s i t i o n .  For t h e  p r e s e n t ,  i t  
is p l . i c c d  a p p r o x i m a t e l y  be tween t h e  c u r v e s  f o r  t h e  h i g h e r  and 
lower t e m j e r a t u r e s .  The d a t a  p o i n t s  a r e  n e v e r t h e l e s s  p l o t t e d  
a s  r e q u i r e d  by the r e s u l t s  t o  d a t e .  This c u r v e  s h o u l d ,  however, 
n o t  be  g i v e n  much w e i g h t  i n  a n y  a n a l y t i c a l  c o n s i d e r a t i o n  of t h e  
d a t a  a n d  i t  s h o u l d  be kei.t i n  mind t h a t  i t  is q u i t e  p r o b a b l e  
t h a t  no d i s t i n c t i o n  c a n  h e  made be tween  t h e s e  t r n y e r a t u r e  ranges.  
I t  is h o i e d  t h a t  a d d i t i o n a l  t e s t s  w i l l  r e d u c e  t h e  s ca t t e r  p a t -  
t e r n  and a l low more c e r t a i n  p l a c e m e n t  of t h e s e  c u r v e s .  C u r r e n t  
I l d n s  c o n t e m p l a t e  a d d i t i o n a l  t e a t s  which  w i l l  f u r t h e r  define 
t h e  s h a p e  of t h e s e  c u r v e s ,  ~ a r t i c u l d r l y  e t  t h e  lower t h i c k n e s s  
v a l u e s .  

The d a t a  f rom t h e s e  forging t es t s  is p r e l i m i n a r y  i n  charac- 
t e r  a n d  i n s u f f i c i e n t  i n  q u a n t i t y  t o  p e r m i t  d r a w i n g  o f  d e f i n i t e  
c o n c l u s i o n s .  . r d d i t i o n a l  tests ~ ~ l c r n n e d  f o r  t h e  imIDe!didte f u t u r e  
a r e  e x I , e c t e d  t o  p r o v i d e  f u r t h e r  i n f o r m a t i o n  a n d  allow more 
s p e c i f i c  i n t e r p r e t a t i o n s .  C u r s o r y  e x a m i n a t i o n  o f  t h e  t a b u l a t e d  
d a t a  a n d  c h a r t s ,  however ,  do  resent some t e n t a t i v e  i n f o r m a t i o n .  
For t h e  f o r g i n g  c o n d i t i o n s  so f a r  u s e d  i n  t h e s e  t es t s ,  i t  vould  
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a p p e a r  t h a t  t h e  u n i t  f o r g i n g  l o a d s  ire i n f l u e n c e d  most by d i e  
t e m r e r a t u r e s  a b o v e  650° F for t h i c k n e s s e s  less t h a n  a b o u t  .300 
i n c h  a n d  p a r t i c u l i r l y  f o r  t h e  r a n g e  of . l L 5 "  t o  .200". A t  t h e  
lower t h i c k n e s s e s  t h e  u n i t  l o i d  rises s t e e p l y  for  a l l  d i e  t e m -  
r e r a t u r e s  u t i l i L e d ,  a s  may be e x y e c t e d ,  b u t  i t  is a p p a r e n t  
t h a t  t h i n n e r  d i s c s  can Le Ixroduced a t  t h e  750 - 820° F d i e  t e m -  
p e r a t u r e  t h a n  a t  600 - 450° F dnd  t h a t  t h e  u n i t  l o a d s  w i l l  also 
be s i g n i f i c a n t l y  lower .  The d a t a  a r e  i n s u f f i c i e n t  t o  i n d i c a t e  
t h e  l i m i t s  t h a t  c a n  be a p r r o a c h e d  b u t  i t  i s  q u i t e  e v i d e n t  t h a t  
t h e y  are s i g n i f i c a n t l y  i n f l u e n c e d  by d i e  t e m p e r a t u r e .  Sub-  
s e q u e n t  t e s t  work i s  e x p e c t e d  t o  ; rovide more d c b f i n i t e  i n d i c a -  
t i o n .  rt t h e  h i g h c a r  t h i c k n e s s  r a n g e s ,  i t  i s  a p y a r t l n t  t h a t  d i e  
t e m r e r a t u r e s  do  n o t  g r e a t l y  i n f l u e n c e  t h e  u n i t  l o a d s  r e q u i r e d .  

. r l t h o u g h  t h e  f o r g i n g  o f  7 0 7 5  aluminum a l l o y  is a d e f i n i t e  
p a r t  of t h i s  p r o j e c t ,  t h e  Frimary i n t e r e s t  is c e n t e r e d  o n  t h e  
f o r g i n g  of maraging s t e e l  and  t h e  8-1-1 t i t a n i u m  a l l o y .  Some 
of t h a t  forging i p l a n n e d  for t h e  n e a r  f u t u r e .  However, t h e  
r e a d y  f o r g e a b i l i t y  o f  aluminum a n d  t h e  ease  of h a n d l i n g  b e c a u s e  
of t h e  lower t e m p e r a t u r e  i n v o l v e d  nukes  t h e  a luminum f o r g i n g  
of g r e a t  v a l u e  i n  working o u t  t h e  t e s t  d e t a i l s  a n d  r e f i n i n g  
t e c h n i q u e s  p r i o r  t o  u n d e r t a k i n g  t h e  more c l i f f i c u l t i y  f o r g e d  
materials. Ruch of  t h e  i n f o r m a t i o n  o b t a i n e d  i n  t h e  work w i t h  
aluminum i s  e x p e c t e d  t o  be t r a n s f e r a b l e  t o  t h e  o t h e r  metals 
a n d  h e l F  t h a t  work go more s m o o t h l y  a n d  s u r e l y .  

I n  a d d i t i o n  t o  t h e  above  a c t i v i t i c s ,  machine  work o n  t h e  
o t h e r  d i e  p a r t s  h a s  b e e n  u n d e r  way and  h a s  r e a c h e d  t h e f o l l o w i n g  
s t a t u s :  

1. I n c o n e l  713 C Tarts f o r  f l a t  d i e  work h a v e  been  re- 

2 .  Hardtem par t s  for t h e  c u p p i n g  d i e  have b e e n  m c h f n e d  

3 .  I n c o n e l  713 C Carts for c u p l i n g  die hav?  been r e c e i v e d  

4. Machin ing  of f o r g i n g  s l u g s  f o r  b o t h  f l a t  a n d  c u p p i n g  

c e i v e d  a n d  mach ine  work begun.  

a n d  are b e i n g  r e a d i e d  f o r  i n i t i a l  f o r g i n g  t es t s .  

hnd m l c h i n e  work s c h e d u l e d .  

die t e s t  a r e  o n  s c h e d u l e .  



Work p r o g r a m d  for January i s  as follows: 

1 .  Machine work on 713 C dle p a r t s .  

2 .  n d d i t i o n a l  forging of aluminum slugs on f h t  
d i e s  to  f i l l  gaps In p r e s e n t  data  and r e f i n e  t e c h n i q u e .  

3 .  Tryout t e s t s  of Hardtea cupping d i e  p a r t r .  

.... L .. 
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